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^ Recombinant retroviruses. 



0 Recombinant retroviruses carrying a vec:of con- 
struct casaoie of preventing, inhibiting, stzoiiong c 
reversing infectious, cancerous or auto-mmune dis- 
eases are disclosed. More soecificaiiy ire -ecom- 
'"brn&r.t retroviruses of the present invention ue use- 
^fui for (ai stimulating a soeofic immune resconse to 
^-an antigen or a pathogenic antigen: <oi mraciting i 
O function of a pathogenic agent, sucn as 2 /i'us: anc 
^(c) mnioinng the interaction of an agem *'tn a nost 
ceil receotor. in addition, eucaryotic cens niecteo 
^•wnn. and pharmaceutical composmons containing 
^such a recombinant retrovirus are discoseo various 
O methods for producing recomomant retroviruses nav- 
Q_mg umaue cnaractenstics. and memoes -or rroouc- 
HJing transgenic packaging animais or msec:s ue also 
discioseo. 
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RECOMBINANT RETROVIRUSES 



Tecnnicai F-eic 



The oresent invention relates generally to retro- 
viruses, ana more specifically, to recomomant 
retroviruses which are caoaole of eeiivenng vector 
constructs to susceotibie target ceiis. These vector 
constructs are typically designee to exoress de- 
sired proteins m target ceils, tor example, proteins 
wrticn stimulate immunogenic activity or wnicn are 
COnoitionaMy active m denned cellular environ- 
ments. 



BaCkQrounC 0' the Invention 

Aitnougn oactenai diseases are. m general, 
easily treataoie with antibiotics, very few effective 
treatments or propnyiacoc measures exist for many 
viral, cancerous, ana other nonoactenai Diseases, 
including genetic diseases. Traditional attempts to 
treat these oiseases have employee the use of 
chemical drugs, in general, these arugs have lac- 
ked specificity, exnibited nigh overall toxicity, ana 
thus nave Deen therapeutically ineffective 

Another classic technique for treating a numoer 
of nonoactenai diseases involves me eiicnaoon of 
an immune resoonse to a pamogenic agent, sucn 
as a virus, tnrougn the aammistration of a noninfec- 
tious form of tne agent, such as a tolled virus 
thereoy orovidmg antigens from tne pathogenic 
agent wmcn would act an an immunosnmuiant. 

A more recent aooroacn tor treating viral dis- 
eases such as acquired immunodeficiency syn- 
drome (AIDS) ana related disoroers. involves Cloc- 
king receotors on ceils susceouoie to mteoon Ov 
HIV Irom receiving or forming a comoiex with virai 
envelope proteins For examoie. Utson et ai (So 
ience 232.1 1 23- 1 127. 19861 oemonstrateo mat ann- 
Docies - to C04 (Ta> receotors ■nniDitea can fusion 
(syncytial between infected anc nonintectec CC* 
presenong ceils m vitro A simna/ CD* Oiocxmg 
effect using monocionai antibodies nas oeen sug- 
gested oy McDougai et ai. ( Science 23^382-385 
19861 Alternatively Pert et ai. i Proc Natl Acao 
Sci USA 83 9254-9258 19861 have reooneo tre 
use of syntnetic peotioes to omo T4 receotors anc 
Oiock HIV infection oi human T-cens. wniie Utson 
et ai (J Exo Meo. 164 2101 1986> nave reponeo 
Diocxmg" ootn syncytia and virus. Ta ceil fusion Dv 
using a lectin *mcn interacts *»tn a virai enveioce 
giycoorotem tnereoy blocking .t from ocng re- 
ceived oy CD* receptors 

a fourth, recently suggested ;ecnnioue lor in- 
hioiting a pathogenic agent, sucn as a virus wn.cn 
transcribes RNA is to provide antisense RNA wfucn 



comoiements at least a portion or tne transenbeo 
RNA. and binds thereto, so as to mmoit translation 
(To et al.. Mot. Ceil Biol. 6.753. i°86> 

However, a maior snoncommg ot the ;ech- 
i niques desenbed above is that they do not readily 
lend themselves to control as to the time, location 
or extent to which the drug, antigen, blocking agent 
or antisense RNA are utilized, m particular, since 
the aoove techniques required exogenous appiica- 
>o aon of the treatment agent (i.e.. exogenous to tne 
samofe in an in vitro situation), they are not directly 
resconsive to - tne presence of tne patnogemc 
agent. For example, it may be desirable to have an 
immunosnmuiant expressed m increased amounts 
15 immediately following infection by the patnogenic 
agent, in addition, m the ease ot antisense RNA. 
large amounts would be requireo for useful therapy 
m an animal, which under current techniques would 
oe administered witndut regard to the location at 
20 which it is actually needed, that is. at tne ceils 
mfected by tne pathogenic agent. 

As an alternative to exogenous application, 
teenmaues have been suggested for producing 
treatment agents enoogenously More soecifically. 
;s orotems expressed from viral vectors basea on 
DNA viruses, such as adenovirus, simian virus 40. 
Dovme paoilloma. ar.a vaccinia viruses, have been 
investigated. By way of examo'e. Panican et at. 
iPrcc. Natl. Acad. So. USA 80 5364. 1983) mtro- 
30 cucec influenza virus hemagglutinin and hepatitis B 
surface antigens into the vaccinia genome and 
mtected animals with the virus particles produced 
from such recombinant genes. Following infection 
the animals acauired immunity to both the vaccinia 
:s virus ana the hepatitis B antigen. 

However, a number of difficulties have been 
sxcenenced to date with virai vectors based on 
ONA viruses. These difficulties mctude (a) the pro- 
duction ot other virai proteins which may lead to 
jc oatr.ogenesis or the suppression ol the desired 
protein; (b» the caoacity ot the vector to uncontroi- 
laoiv reoucate m the host, and tne patnogenic 
effect of such uncontrolled reoiication: (c) tne pres- 
ence of wiio-type virus wmch may lead to viremia: 
-j and (d) the transitory nature of expression in inese 
systems. These difficulties nave virtually precluded 
the use ot viral vectors based on ONA viruses m 
tne ueatment of viral, cancerous, ana otner non- 
bacterial diseases, including genetic diseases, 
so Due to the nontransitory nature ol their exores- 

sion in mtecteo target cells, retroviruses nave oeen 
suggested as a useful vehicle tor the treatment of 
generic disease (tor examoie. see F. Leoiey. The 
journal ci Pediatrics nO:i. 1987V However, .n 
view of a" numoer of prooiems. the use ot retro- 
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viruses m me treatment of genetic diseases nas not 
been attempted. Such prooiems relate to (at tne 
apparent need to infect a large number oi ceils m 
inaccessible tissues (e.g.. brain): (b) tne need to 
cause these vectors to exoress m a very controiieo 
and permanent fashion: (c) the lack of cloned 
genes: (d) the irreversible aamage to tissue ano 
organs oue to metaoonc aonormauties: and ie> the 
availability of other partially affective meraoies m 
certain instances. 

In addition to genetic diseases, other research- 
ers have contemplated using retroviral vectors to 
treat nongeneoc diseases (see. for example. EP 
2*3.204 - Cetus Corporation: San ford. J. Theor. 
Biol.l30:469. 1988: Tellier et al.. Nature ~ 3i8 «'4 
TgasTand Botognesi et al . Cancer Res. 45 4700. 
1985). 

Tellier et al. suggested protecting T-ceii clones 
by apparently infecting stem cells with "defective" 
HIV having a genome which could express an- 
usense RNA to HIV RNA. Boiognesi et at have 
suggested the concept of generating a nonviruient 
HIV strain to infect stem ceils so that T4 ceils 
generated therefrom would carry interfenng. non- 
vtrulent forms of virus and thereoy protect those 
cells from infection by virulent HIV However, it 
would appear that me "attenuated" or "detective* 
HIV viruses used m bom of the foregoing oaoers 
could reproduce (i.e.. are net replication oe'ectivei 
such that the resulting viruses could infect other 
cells, with the possibility of an increased nsx o' 
recombination with previously present hiv or other 
sequences, leading to loss of attenuation. Non- 
nonrepiicative forms would necessitate a oeiecove 
helper or packaging ime tor hiv However since 
the control of HIV gene exoression is comoiex 
such cells have to date not seen constructed Fur- 
thermore, as the mfecang attenuated or oeiecove 
virus is not Chimenc (a "nenchimenc" retrovirus 
bemg one with substantially ail of its vector from 
the same retrovirus species i. even il tnev were 
made replication defective, fcr examote cv oeie- 
tion from their genomes of an essenoai eiement. 
there star exists a significant possioiiity <or recom- 
bination ^mtim the host ceils wttn resultant croouc- 
non of infectious wraJ oarnces. 

Although Sanfora (J_ Theor Bid '30 *69 
1988) has also proposeo using a genetic z.re for 
hiv. he notes that due to tne potential mat exists 
tor creating novel virulent viruses via genetic re- 
combination between natural AIDS virus ano tnera- 
peuOC retroviral vectors carrying anti-HiV genes 
retroviral gene theraoy tor AIDS may not ce prac- 
tical. Similarly, wmie McCcrmick & Kneg'er iEP 
243.204 A2) have proooseo using retroviral vectors 
to deliver genes for proteins, such as tumor 
necrosis factor (TNR. the teenmaues tney cesenpe 
suffer from a numoer of Cisaovantages. 



Summary of the invention 



Briefly stated, tne present invention is oirected. 
m part, toward memoes for (a) stimulating a see- 
5 cific immune response, either humoral or ceil-me- 
diated. to an antigen or pathogenic antigen: (b) 
inhibiting a function of a pathogenic agent, sucn as 
a virus: ano (c) inhibiting the interaction ol an agent 
with a host cell receptor, througn me use of recom- 
io omant retroviruses. 

More specifically, within one aspect of tne 
present invention, a method for stimulating a spe- 
cific immune response is provided, comprising in- 
fecting susceptible target cells with recombinant 
'5 retroviruses carrying a vector construct that directs 
the expression of an antigen or modified form 
thereof in infected target cells. Where an immune 
response is to be stimulated to a pathogenic anti- 
gen, the recombinant retrovirus is preferably de- 
70 signed to express a modified form ol the antigen 
which will stimulate an immune response and 
which has reduced pathogenicity relative to the 
naove antigen. An immune response can also be 
acnieved by transferring to an appropriate immune 
a ceil (sucn as a T lymphocyte) me gene for the 
specific T- cell receptor which recognizes the anti- 
gen of interest in the context of an appropriate 
MHC molecule or for an immunoglobulin which 
recognizes me antigen of interest 
jo m me particular case of disease caused by HIV 

infection, where immunosomulanon is desired, the 
antigen generated from me recombinant retroviral 
genome is of a form which will elicit either or both 
an hla class I- or class ll-resmcted immune re- 
3S soonse in me case of HIV envelope antigen, lor 
example, me ano gen is preferably selected from gp 
160. gp 120. and gp *i. which nave been modified 
to reouce their pathogenicity. In particular, the anti- 
gen selected is modified to reduce me possibility 
*c of syncytia. Antigens from other HIV genes, sucn 
as gag. poi. vil. nel. etc.. may also proviae protec- 
tion m oarucuiar cases. 

in anotner aspect of me present invention, 
memoes for inhibiting a function of a pathogenic 
-s agent necessary for disease, sucn as diseases 
causec by viral infections, cancers or immunolog- 
ical acnormamies. are disclosed. Sucn mnioition is 
accomonsned by means which include exoressmg 
a oaiiiative mat is toxic tor a oiseasea cell, express- 
:o mg a palliative mat selectively inhibits the expres- 
sion or me effects of pathogenic genes, expressing 
anosense RNA. or by inserting a sequence into a 
pathogenic genome so as to disrupt its function. 
More specifically, me present invention pro- 
55 vioes recomoinant retroviral genomes which ex- 
cesses a defective structural protein of a oatno- 
genic agent, leading to inhibition of assemoty o> 
the pathogenic agent e.g.. expression of a defec- 
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one wmch conveys resistance to an omerwise 
cytotoxic aaig. The cells are then exposed to a 
selecting agent, preferably the cytotoxic erug. 
which enables identification of those ceils wnicn 
express me seiectafiie protein at a critical levei 
(i.e.. m me case of a cytotoxic drug, by killing 
tnose ceils which oo not proouce a level of resis- 
tance protein reauired tor survival). 

Preferably, in me tecnnique bnelly described 
above, me expressions of bom the selectable ana 
primary genes is controlled by the same promoter, 
in mis regard. <t may be preferable to utilize a 
retroviral 5 LTR. In order to maximize btre of a 
recombinant retrovirus from packaging cells, this 
technique is first used to select packaging cells 
expressing high levels of all the required packaging 
proteins, and men is used to select which of these 
cells, following transfecoon with me desired provirai 
construct, produce me nignest tares of me recom- 
binant retrovirus. 

Techniques are also provided for packaging of 
vector constructs by means not involving me use of 
packaging cells. These techniques make use of 
ONA viruses such as bacuiovtrus. adenovirus, or 
vaccinia virus, preferably adenovirus. These viruses 
are known to express relatively hign levels of pro- 
teins from exogenous genes provided therein For 
such ONA virus vectors, recombinant ONA viruses 
can be produced by in vivo recombination in tissue 
culture between viral - ONA and piasmias carrying 
retroviral or retroviral vector genes. The resultant 
ONA viral vectors carrying either sequences coding 
for retroviral proteins or for retroviral vector RNA 
are purified into hign titre stocks. Alternatively, me 
constructs can be constructed in vitro ana subse- 
quently transfected into cells which proviOe m trans 
viral functions missing from me ONA vectors Re- 
gardless of the method of production, hign otre 
(10' to 10" units, mi) stocks can be prepared mat 
will, upon infection of susceoobie cells, cause nign 
tevei expression of retroviral proteins (sucn as gag. 
poi. and env) or RNA retroviral vector genomes, or 
bom. infection ol cells m culture with these stocks, 
singly or m combination, wul lead to nign-'evei 
proauction of retroviral vectors, if me stocxs carry 
the viral protem ana viral vector genes. This lecn- 
maue. wnen used with acenovirus or other mam- 
malian vectors, allows me use of primary ceils 
(e.g.. from tissue expiants or ceils sucn as WI38 
usea m production of vaccines) to produce recom- 
binant retroviral vectors. 

In an alternative to me foregoing technique 
recombinant retroviruses are produced by first gen- 
erating me gag.poi ana env orotems from a ceil line 
infected with me appropriate recomoinant ONA 
virus m a manner similar to me preceamg tech- 
niques, except mat me ceil ime is not mfec:ec witn 
a ONA virus carrying me vector construct. SuOse- 



quently. the proteins a/e purified and contacted 
with me desired viral vector RNA made m vitro , 
transfer RNA (tRNA). liposomes, and a ceifextrac: 
to process me env protein into me liposomes, sucn 
5 mat recombinant retroviruses carrying the viral vec- 
tor RNA are produced. Within mis tecnnioue. u 
may be necessary to process the env protein into 
me liposomes prior to contacting them with the 
remainaer of me foregoing mixture. The gagpoi 
io and env proteins may also de made after piasmia 
mediated transiecaon m eukaryotic cells, m yeast, 
or in bacteria. 

The tecnnioue for producing recombinant retro- 
viruses whicn can be targeted for preselected ceil 
is lines utilizes recombinant retroviruses having an 
env gene composed of a cytoplasmic segment of a 
first retroviral phenotype. and an extracellular bmd- 
'ing segment exogenous to me first retroviral 
phenotype. The binding segment is from a second 
jo viral phenotype or from another protein with de- 
sired binding properties which is selected to be 
expressed as a peptide wmch will bind to the 
desired target 

Techniques for integrating a retroviral genome 
a at a specific site in me ONA of a target cell involve 
me use of homologous recombination, or alter- 
natively, me use of a modified integrase enzyme 
wnich will recognize a specific site on me target 
ceil genome. Such sue-soecific insertion allows 
jo genes to be inserted at sites on the target ceils' 
ONA. which will minimize the chances of insertionai 
mutagenesis, minimize interference from other se- 
quences on me ONA. and allow insertion of se- 
quences at specific target sites so as to reduce or 
;s eliminate me expression ol an undesirable gene 
(sucn as a viral gene) m me ONA of me target cell. 

It will be appreciated mat any of me aoove- 
descnbed techniques may be used independently 
of me others m particular situations, or can be usea 
jo m coniuncoon with one or more of the remainder of 
the techniques. 

These ana other aspects of the present inven- 
tion will become evident upon reference to the 
following cetailea description ana attached oraw- 
-is mgs 

Enef Descnotion of the Drawings 

jo Figure 1 aeoicts three aitferent families oi 

vectors usea to produce HIV env and which may or 
may not have me selectable SV-Neo cassette in- 
serted. 

Figure 2 illustrates me HIV env expression 
55 levels seen m poiyacryiamioe gei eiectroonoresis 
of HIV env specific radioimmune precipitations oi 
extracts of human Sue Ti ceils transfected with the 
vectors Shown. The markers are m kilooaltons. gp 
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the present invention provides sucn a stimulus. 

By way of example, in the case ol hiv-i infec- 
tions, patients develop antibodies specific for a 
variety of viral enveioce-region determinants, some 
of wmch are caoadle of in vitro virus neutralization. 
Nevenneiess. aisease progression continues ana 
tne patients eventually succumb to tne disease. 
Low-ievei CTL responses against infected patients' 
ceils (Plata et al.. Nature 328:348-351. 1987) ana 
against target cells infected with recombinant vac- 
cinia vectors expressing HIV gag. poi. or env 
(Walker et al.. Nature 328:345-348. 1987; Walker et 
al.. Science 240: 64-66. 1988) have been detected 
in some Miv-i seropositive patients, in addition, it 
has recently been shown that munne as well as 
human CTL can be induced by autologous stimula- 
tor cells expressing HIV gp 120 via transtection 
(Langiade-Oemoyan et al.. J. Immunol. in 1949, 
1988). improved CTL induction couia be 
therapeutically advantageous to miected paoents 
and provide effective preventrve theraoy to in- 
dividuals under noninfectious conditions. HIV infec- 
tion itself may not be producing adeauate CTL 
response because other elements associated witn 
HIV infection may prevent proper immune stimula- 
tion, in addition, it may be that stimulation of T- 
cells by infected cells is an interaction that leads to 
infection ol the stimulated T-cells. 

Example t describes procedures for construct- 
ing piasmids capable of generating retroviral vec- 
tors m packaging ceils, which then lead to expres- 
sion of HIV viral antigens. 

EXAMPLE i 



Vectors Expressing HIV Antigens 



A. Env Expression Vector (See figure i ) 

A 2.7 kb Kpn-Xho I ONA fragment *as isolates 
from the HIV proviral clone 8H10-R3 (for seouence 
see Ratner et al.. Nature- 313.277 1 985 1 ana a 
•400 bo Sal-Kpn i ONA fragment irom 
iliexETdeitaenv (a Bai3i deletion to nt. S->96) "as 
iigatea into tne SaJ I site m tne oiasmia SK From 
tnis clone, a 3.1 kb env ONA fragment (Xho i-Oa i) 
whicn atso encodes rev. essential for env expres- 
sion, was purified and ligated into a retroviral vector 
called pAFVXM (see Knegier et al.. Ceii 38 *83. 
1984). This vector was modified m mat tne Bgt II 
site -«as cnanged by linker insertion to a Xho 1 site 
to facilitate cloning of the hiv env coomg Dna 
fragment. 



A dominant selectable marker gene comprised 
of a SV40 early promoter onving expression of 
neomycin pnospnotransferase gene was inserted 
mto the vectcr at the Cla I site to facilitate isolation 

5 of infected and transtected ceil lines. 

The Xho i site upstream from the ENV gene m 
me vector provides a convenient site to insert addi- 
tional promoters mto the vector construct as the 
RSV promoter. SV40 early or late promoter, the 

■o CMV immediate early (IE) promoter, human beta- 
sacun promoter, and Moloney murine MLV SL3-3 
promoter. 

One sucn promoter, the CMV Immediate Early 
gene promoter, a 673 bp ONA fragment Hinc II to 
:s Eag I. results in a tenfold increase in ENV expres- 
sion in a human T-ceil line called Sup T1 when 
compared to the parental construct pAF ENV* SVj 
Neo 

JO 

8_ Gag Expression Vector: 

A 2.5 kb Sac l-Eco RV DNA fragment was 
isolated from pBHlO-R3 (see Ratner et al.. op. at) 

25 and ligated into the Sac l-Sal I site of pUC3i. 
PUC31 is aenved from pUCi9 with additional Xho 
I. Bgl II. Bsst II and Nco I sites inserted between 
the Eco R1 and Kpn I sites of the poly linker. 
However, this construct contained the major solice 

jo donor (SO) site from HIV and thus could be prob- 
lematic m virus generation. The SO site was re- 
moved by subcloning a 70 bp Rsa l-Cta I fragment 
with a 2.1 kb Cla l-Bam Hi ONA fragment into the 
Hinc ll-8am Hi site of SK* The Bam Hi site was 

:$ convened mto a Cla I site by linker insertion. This 
construct was designated SK gag protease SO 
delta. 

The 2.5 kb Xho l-CIa I ONA fragment from SK* 
gag protease SO delta was inserted mto the Xho 

v i Cla i sues of the vector pAFVXM iusi as oe- 
scnbed above 

These piasmids. when placed m a suitable 
packaging ceil, expressed a retroviral vector con- 
struct wnicn contains a packaging signal. The pack- 

-5 aging signal directed packaging of the vector con- 
struct mto a caosid and envelope atong with an 
furtner orctems reauired for viable retroviral par- 
ticles. ~ne capsia. envelope, end otner proteins are 
preferably produced from one or more piasmids 

;j containing suitaoie genomes placeo m the pack- 
aging ceil. Such genomes may be proviral con- 
structs, wmch in a simple case may merely have 
the packaging signal oeieted. As a result, only the 
vector will oe packaged. Suitable packaging or 

a packaging cell lines, ana the genome necessary for 
accomoiisnmg such packaging, are descnbed m 
Miller et al. iMoi. Cell. Bio 6.2895. 1986). which is 
mcorooratea herein by reference. As descnbed by 



17 



EP 0 334 301 A1 



18 



EXAMPLE 3 



sCD4 Vector 



1. A 1.7 kb Eco R1 - Hind 111 ONA Iragment 
from pMV7.T4 (Maddon et al.. Cell 47 333.1985) 
was blunt-end ligated to the Hmc II sue of Sk 

2. A universal translation termination se- 
quence containing an Xba I site was inserted into 
me Nhe l site of me CD* fragment 

3. The 1.7 Mj Xho l-Cla I fragment was 
excised and cloned into the Xho l •' Cla I site of 
pXFVXM. These vector piasmids can be used to 
generate infectious vector panicles, as flescnoeo m 
Example i. 

Such infectious blocking vectors, wnen put into 
human T-ceil lines m culture can inhibit the soread 
of HIV infections. Preparation, concentration and 
storage of infectious retroviral vector preparations 
is as for the immunostimuianL Route of administra- 
tion would also be the same, with ooses aoout 10- 
foid higher. Another route which may be used is 
the aspiration of bone marrow, infection with retro- 
viral vector and return of this infected marrow 
(Gruber et al.. Science 230:1057. 1985) to the 
patient. Since the marrow repncanon wiii amplify 
the vector expression through ceil reoiicaoon. 
doses m the range of the immunostimuiant can oe 
used (10* - 10* vg body weight). 

In any case, the efficacy of the treatment can 
be assayed by measuring the usual indicators of 
disease progression, including anoboov level, viral 
antigen production, infectious HIV levels, or teveis 
of non-specific infections. 



ill. Expression of Palliatives 

Technxjues similar to those descnoec aocve 
can be usea to produce recomoinant retroviruses 
with vector constructs wmch direct the exoression 
of an agent (or "palliative") wnich is caoaoie c< 
mhibiong a function of a pathogenic agent or cene 
Within the present invention, "capable of '001011109 
a function" means that the palliative either airecay 
inhibits the function or indirectly aoes so. lor exam- 
ple, by converting an agent present m tne ceiis 
from one wmcn would not normally mnibit a func- 
tion of the pathogenic acem to one -men aces 
Examples of such functions for wrar diseases in- 
clude aosorpoon. replication, gene exoression. as- 
sembly, and exit O' the virus from infected ceils. 
Examoies of sucn (unctions for cancerous Diseases 
mc:uoe ceil replication, susceptibility to external 



signals (e.g.. contact mmbition). and lack of proauc- 
tion of anti-onccgene proteins. 

5 (i) inhibitor Palliatives 

in one aspect of the present invention, tne 
vector construct cirects the expression of antisense 
rna (or complementary RNA) to RNA of a patno- 

10 gemc virus, such as HIV (or a pathogenic gene, 
sucn as an oncogene), to thereby inhibit its replica- 
tion or pathogenesis. Such expression may either 
be essentially continuous or in response to the 
presence in the cell of another agent associated 

15 with the pathogenic condition (an "identifying 
agent"). Alternatively, the expression may be 
tissue-specific due either to targeting of vector en- 
try or to tissue-specific control sequences m the 
vector. 

jo In one embodiment retroviral viruses which 

express RNA complementary to key pathogenic 
gene transenpts (for example, a viral gene product 
or an activated cellular oncogene) can be used to 
inhibit translation of that transcript into protem. 
23 such as the inhibition of translation of the HIV tat 
protein. Since expression of this protein is essential 
lor viral replication, ceils containing the vector 
would be resistant to HIV replication. 

In a second embodiment, where the pathogenic 
30 agent is a single-stranded virus having a packaging 
signal. RNA complementary to the viral packaging 
signal (e.g.. an HIV packaging signal when the 
palliative is directed against HIV) is expressed, so 
that the association of these molecules with the 
js virai packaging signal will, in the case of retro- 
viruses, inhibit stem loop formation or tflNA primer 
binoing reauired for prooer encapsidation or repn- 
canon of the retroviral RNA genome. 

in a third emoooiment. a retroviral vector may 
jo be introduced wmch excresses a protein that inter- 
feres with the pathogenic state, in the case of hiv 
one example is a mutant tat protein wmch lacks the 
ability to transactivate exoression from the HIV l_TR 
and interferes (in a transoominant manner) with the 
is normal functioning ot tat protein. Such a mutant 
has seen .centifiec for HTLV II tat protein ("XII 
Leu s " mutant: see Wachsman et al.. Science 
235.674. 1987). A mutant transrepressor tat should 
innToit replication mucn as has been shown for an 
«o analogous mutant reoressor m HSV-1 (Fneomann 
et al.. Nature 335:452. 1988). 

Sucn a transcnotional repressor protein may be 
selected for m tissue culture using any virai-spe- 
cific transcriptional promoter whose expression is 
ss stimulated by a virus-soecific transacovating pro- 
tein (as desenbeo aoovei. in the specific case of 
HIV. a ceil line exoressmg HIV tat protein ana the 
HSVTK gene driven oy the HIV promoter will die m 
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me presence of ACV. However. .f a ser.es o< mu- 
tated tat genes are introduced to the system, a 
mutant with the appropriate properties (i.e.. re- 
presses transcnpoon from the HIV promoter .n tne 
presence of /..Id-type tat) will grow and Be selected 
for The mutant gene can then Be r e .soiatec from 
these ceils. A cell line containing multiple coces of 
the conditionally lethal vector tat system may be 
used to assure mat surviving ceil clones are not 
caused by endogenous mutations m these genes. 
A battery o» randomly mutagemzed tat genes are 
men .ntroduced into mese cells using a 
Vescuabie" retroviral vector (i.e.. one tnat ex- 
presses me mutant tat protein and contains a bac- 
tenal ongin of replication and drug resistance mark- 
er for growm and selection m bactenal. Th.s allows 
a large number of random mutations to Be evalu- 
ated and permits facile subseauent molecular cton- 
,ng of me des.red mutant cell line. This procedure 
may be used to identify and utilize mutations m a 
vanety of v,ral transcnpoonai activator.v.rai promot- 
er systems for potential antiviral meraoies. 

In a fourth embodiment, me HSVTK gene prod- 
uct is used to more eflecnve.y metaoouze ooten- 
tialiy antiviral nucleoside analogues, sue* as AZT 
or ddC. The HSVTK gene .s exoressed under me 
control of a constitutive macropnage or T-ce"-spe- 
cific promoter and introduced mto mese ceil types. 
AZT (ana other nucleoside antivuatsi must ce me- 
tabolized by cellular mecnan.sms to me nucleotide 
triphosphate form m order to specifically .nnibu 
retroviral reverse transenptase and mus hiv repli- 
cation (Furmam et ai.. Proc. Nad. Acad. So USA 
83:8333-8337. 1986). Consntuove expression of 
HSVTK (a nucieonce and nucleotide pnosonate 
kinase wim very broao suostrate specificity I results 
:n more effective metaootism of mese drugs to 
meir b.oiogicaily active mucieoooe monosonate 
torm AZT or ddC meraoy mereoy oe more 
effective, aiiow.ng tower doses, less generalized 
toxicity, and h.gner potency against produce in- 
fection Additional nudeosice analogues «nose 
nucleotide tnpnospnate forms snow »eiec:r*.ry tor 
retroviral reverse transcnotase But. as a result of 
me substrate soec.ticiry of cellular nuceos.ee anc 
nucleotide kinases are not pnosonoryiatec. D« 
made more efticac.ous. A oescr.ouon ot tn.s metn- 
od is set form m Example *. 



EXAMPLE * 



Vectors Designed to Potentiate me Annv.rai £:fect 
oi AZT ana Analogues 



i All of me following retroviral vectors are 
based on me "N2* vector (see Keller et a!.. Nature 
3t8:M9-i5-». 1985). Conseauentiy. 5 and 3 Eco 
rTlTR fragments (2.8 and 1.0 <b. respectively) 
5 were initially subclcned mto plasmids containing 
poly linkers (mto SK * to give pN2R5(* = ]: mto 
P UC31 to give p3iN2R5[* -1 and p3iN2R3(* -! to 
facilitate vectcr construction. In one case, a 1 2 kt> 
Cla lEco R1 s' LTR fragment was subcioned mto 
, 0 me same sites of an SK + vector to give pN2C. in 
another case, me s' LTR containing a 6 bp deletion 
of me soiice donor sequence was subcioned as a 
t.8 tcb Eco Rt fragment into pUC3l (p3iN25delta- 
[*D. The coding region and transcnpoonai ter- 
,s mintuon signals of HSV-i mym.dine kinase gone 
was isolated as a 1.8 kb Bgl ll/Pvu II fragment from 
piasmid 322TK (3.5 kb Bam Hi fragment of 
HSVTK cloned mto Bam Hi of pBR322) and clon- 
ed into Bgl It Sma l-digested pUC31 (pUCTK). For 
20 constructs which reau.re deletion of me terminator 
signals. pUCTK was digested wim Sma l and Bam 
Hi. The remaining coding sequences and sticky- 
end Bam Hi overhang were reconstituted w.th a 
oouoie-stranoed oligonucleotide made from the fol- 
2t lowing oligomers: . 
5 GAG AGA TGG GGG AGG CTA ACT GAG 3 
and 5' GAT CCT CAG TTA GCC TCC CCC ATC 
TCT C 3' 

forming me construct pTK delta A. 

30 For diagnostic purposes, me ol.gos were de- 

signed to destroy me Sma I site -rule keeping «ts 
Ava I sue without changing me translated protein. 

The 0.6 kb HIV promoter sequences were clon- 
eo as a Ora LHind "I fragment from pCV-i (see 

,s Arva et ai.. Science 229:69-73. 1985) mto H.nc 
ILHind Ill-Cut SK (SKHL). 

A. Construction of TK^ ano JKO retrovKal vectors 
jo (see Figure 6) 

1 The 5 kb Xho l Hind III 5' LTR and plas- 
mid seouences were isolated from p3lN2R5( * ) 

2. HSVTK coding seouences lacking tran- 
JS scnouonai term.naoon seouences -ere isolated as 

i .2 ko Xho i Bam Hi fragment from pTKoeitaA. 

3. 3' LTR sequences were isolated as a i.O 
ko Bam hi. Hind HI fragment from pN2R3(-) 

4 The fragments from steps i-3 were 
S o m.xed. ..gated, transformed mto Bacteria, and m- 

d.v,duai clones .denuded by restnction enzyme 
analysis (TK-1). 

5 TK-3 was constructed by linearizing tk-i 
«.th Bam hi. filling m me 5 overhang ano biunt- 

s5 end tigaung a S -filled Cla l fragment containing me 
bactenai lac UV5 promoter. SV40 early promoter. 
p.us Tn5 Neo gene. Kanamyon-res.stant clones 
-ere .soiated ano individual clones were screened 
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are), these two levels of specificity (viral 
integration, replication ano nssue-scecific transcrip- 
tional regulation) lead to ©referential killing of tumor 
cells. Acdioonaiiy. event-specific and tissue-soe- 
cific promoter elements may be artificially com- 
bined sucn mat trie cytotoxic gene proauct is ex- 
pressed only m ceil types saosfymg both criteria 
(e.g.. m the example aoove. comomeo promoter 
elements are functional only in rapidly diviamg liver 
cells). Transcriptional control elements may also be 
amplified to increase the stringency of cell-type 
specificity. 

These transcnpoonal promoter enhancer ele- 
ments need not necessanry be present as an inter- 
nal promoter (lying between the viral LTRs) but 
may be added to or replace the transactional 
control elements in the viral LTRs wrncn are them- 
selves transcnpoonal promoters, sucn that 
condition-specific transcriptional expression will oc- 
cur directly from the modified viral LTR. In this 
case, either the condition for maximal expression 
will need to be mimicked m retroviral packaging 
ceil lines (e.g.. by altenng growth conaitions. sup- 
plying necessary transreguiators ot expression or 
using the appropnate cell line as a parent for a 
packaging line), or the LTR modificaoon is limited 
to the 3 LTR U3 region, to obtain maximal recom- 
binant viral titers, in the laner case, after one rouna 
ol infection. mtegranon the 3 LTR U3 is now aiso 
the 5 LTR U3 giving the oesireo tissue soecific 
expression. 

in a third embodiment, the provtrai vector con- 
struct is similarly activated but expresses a protein 
wntch is not itself cytotoxic, and wnicn processes 
within the target ceils a compound or a crug witn 
little or no cytotoxicity mto one wrncn is cytotoxic 
(a -conditionally lethal - gene product) Soeaficaiiy 
the proviral vector construct carries trie nerpes 
simplex virus thymidine kinase ("HSVTK"! gene 
oownstream ano under the transcnooonai control of 
an HIV promoter (wrncn is known to oe tr an scro- 
ti on arty silent except when actrwateo ov hiv tat 
protein). Expression of the tat gene crccuct m 
human -cefls infected wnn Hiv and carry.ng me 
provuaJ wector construct causes mcreasec :'OCuC- 
Hon of HSVTK The cells (either in vitro or -n wo ) 
are then exposed to a orug sucn as acyc.ov.r or us 
analogues (F1AU. FIAC. OHPG). These orugs are 
known to be phosonoryiated by HSVTK (tut not by 
cellular thymidine kinase) to their corresconomg 
active nucleotide tnpnosonate forms isee. lor ex- 
ample. Schaeffer et al.. feature 272 583 19781 
Acyclovir and FIAU trtohosonates innioit reiluia/ 
polymerases m general, leading to the soecific 
destruction of cells expressing HSVTK >n trans- 
genic mice (see Borreili et al.. Proc. to Acaa. 
Sci. USA 85.7572. 1988V Those cens containing 
trie" recombinant vector ano expressing hiv :at pro- 



tein are selectively killed by the presence of a 
specific cose of these drugs, m accition. an extra 
level of specificity is achieved cy including in the 
vector the HIV rev protein, resoonsive CRS-CAR 
seauences. m the presence of ;ne CRS seauence 
gene expression is suppressed, exceot m the pres- 
ence of the CAR seauences ana the rev protein. 
Examoie 5 provides an illustration o< this technique. 



EXAMPLE 5 



Vector to Conditionally Potentiate the Toxic Action 
or ACV or Its Analogues 



?o Construction of Vectors 



A. Construction of pKTVlHAX (see Figure 7V_ 

}S | a 9.2 kb Asu ll/Xho l fragment was iso- 

lated Irom vector pN2 ONA. 

2. A 0.6 kb Xho LBam Hi promoter fragment 
was isolated from plasmid pSKHL. 

3. A 0.3 kp 8g ill/Ace I and a 1.5 kb Acc 
;c I Acc l fragment were purified from pUCTK. 

4. The fragments trom l. 2 and 3 were 
hgated. transformed mto bactena. and appropriate 
Amp' clones of the given structure identified by 
restriction enryme analysis. 

JS 

B Construction ot pKTVlH-5 and pKTVIHS Neo 
retroviral vectors isee Figure 3V 

M3 i 4 5 kb 5 LTR and vector .vas isolated as 

an Xho l- Bam Hi Iragment trom vector 
03iN25deita( • i 

2. The i .O kb 3 LTR was isolated as an Apa 
I Bam Hi fragment from pN2R3( - ) fragment. 
J5 3. The 0.5 ko Hiv promoter eiement was 

isolated from pSKHL as an Apa lEco Ri fragment. 

a The HSVTK coding seauence and tran- 
scriptional termination seauences were isolated as 
l 8 kb Eco Ri Sal l iragment trom pUCTK. 
so 5. The fragments from i~» were combined. 

:igated. transformed mto bacteria, and clones of the 
given structure were icentified by restriction en- 
zyme analysis ipKTVlH-5). 

6. pKTVIHS Neo was constructed by lineanz- 
ss mg pKTVlH5 »»uh Ga I; mixing «ith a 1 .8 kb Cla I 
tragment containing the bacterial lac UV5 promoter. 
SV40 early promoter, and Tn5 Neo' marker, ligat- 
mg. transforming bactena and selecting lor 
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exoression. m aaoition. muitimenzation ol these 
seouences (i.e.. revesoonswe "CRSCAR" or tat- 
resoonsive "TAR" elements for HIV1 couia result m 
•ven greater specificity, it should be noted mat tn.s 
kind ot conaitionai activation of an .nactive precur- 
sor mto an active proouct -n ceils may aiso be 
acn.eved using other virai vectors «.ih a snorter 
term eflect. e.g.. adenovirus vectors. 

Production, concentration ana storage of vector 
preDaraoons is as previously cescnbeo. Adm.n- 
isn-ation is by direct m vivo administration as before 
or by ex corpore treatment of PBL and.or bone 
marrow - Doses will be at approximately the same 
levels as for Example 4. Targeting o< viral vector 
infection will not be through the CO* receptor, but 
may be accomplished througn making vector par- 
ties with hybrid MlVenv-CO* "envelope- prote.ns 
(see Section VII) to target gp 120 expressmg ceils 
(, e those infected with HIV). This inversion of the 
normal virus-receptor mteracnon .n order to target 
vraily infected cells can be used w.th ail types ot 
viruses. 

in a similar manner to the preceding embodi- 
ment the retroviral vector construct can carry a 
gene for phosphorylation, phospnonbosyiaoon. 
ribosyiaoon. or other metaoonsm or a punne- or 
pynmidine-based drug. This gene may nave no 
eauivaient in mammalian ceils and mignt come 
irom organisms such as a virus, bacterium, fungus, 
or orotozoan. An examole of this -ouia be me E_ 
:oi. guanine phospnonbosyl transferase gene proc- 
Za. which is lethal m me presence of mioxantnme 
(see Besnard et al.. MoT Cell. Bjot. 7*i39-n*t. 
t987V Conditionally letnaJ gene products of this 
type have potential application to many presently 
Known punne- or pynmid.ne-oased anticancer 
crugs. wmch often require .mraceiiu^r r.ccsyiation 
;r phosphorylation :n oroer to become effective 
cytotoxic agents. The conditionally letnai gene 
eroouct could aiso metaooine a nontoxic crug. 
.vn.cn is not a punne or pynm.ame analogue to a 
cytoxic form. 

Mammalian -/.ruses >n general teno ;c nave 
-mmeo.ate early" genes -n.cn are necessary. tor 
suoseouent transcnononai activation frcm other 
v.rai promoter elements. Gene prcaucts c this 
nature are excellent candidates for muacenuar sig- 
nals (or "identifying agents") of viral .section 
Thus, conditionally lethal genes from transactional 
cromoter elements resoonsive to these v.rai 
"immediate early" gene products couia scec:hcaiiy 
<nl ceils .nfected witn any particular /.rus Aco.tion- 
any. since the human a and J interferon remoter 
elements are transcnononaiiy acovateo m resoonse 
:o infection by a w.oe vanery of nonreiateo /.ruses, 
re introduction of vectors exoressmg a cmaition- 
a,iy lemai gene proouct like HSvTK. tor examoie. 
from mese viral-responsive elements <VRE. could 



result m the cestrucuon of ceils mfected *un a 
variety of different viruses. 

In a fourth emocdiment. the recomoinant retro- 
virus carnes a gene specifying a crccuct wnicn is 
j not m itself toxic, tut wnen processed ty a orot- 
ease specific to a viral or other pathogen, is con- 
vened into a toxic form. 

in a fifth emcooiment. the retroviral construct 
may exoress a "reporting procuct" on tne surface 
:o of the target csils m response to the presence of 
an identifying agent m the ceils (such as Miv tat 
protein). This surface protein can be recognized by 
a cytotoxic agent, such as antibodies for me report- 
ing protein or by cytotoxic T<eils. In a similar 
, 5 manner, such a system can be used as a detection 
system (see below) to simply identify those cells 
having a particular gene whicn expresses an iden- 
tifying protem. such as me HIV tat gene. 

Similarly, m a sixth embodiment, a surface . 
20 protem could be expressed which would itself be 
tneraoeuticaiiy beneficial. In the specific case of 
HIV. expression of me human CO* protem in HIV- 
infected ceils may be beneficial m two ways: 

1. Binding of CO* to HIV env .ntracellularfy 
« could inhibit the formation of viable viral particles 
much as soluble C04 has been shown to do for 
free v.rus. but without me proolem of systematic 
clearance and possible .mmunogenicity. since the 
orote.n w.u remain membrane oound and is struc- 
30 turaiiy identical to endogenous CO* (to which the 
paoent snouid be immunologically tolerant). 

2 Since me CD*- HIV env complex has been 
imoncated as a cause of cell death, additional 
exoression of CD* (m me presence of excess HIV- 
35 env present m Hiv-infected cells) leads to more 
rao.0 ceil death and thus inhibits viral dissemina- 
ta. This may be particularly applicable to mono- 
cytes and macrocnages. wh.cn act as a reservoir 
for v.rus production as a result of their relative 
'etrac:.iity to Hiv-nouced cytotoxicity .which, m 
:urn. is aooarentiy cue to the relative lack of CO* 
cn tneir ceil surfaces) 



,,n) immune Oown-Secuiation 

Soecific ccwn-regulation or inaopropnate or un- 
wanted immune resoonse. such as m cnron.c heoa- 
so uos or .n transo.ants of heterologous tissue such as 
oone marrow, can be engineered using anti-MHC 
c:ass l genes, sucn as .mmune-suooressive v.rai 
genes. Group C adenoviruses Ad2 and AdS pos- 
sess a 19 kd glycoprotein (gp 19) encoded m the 
js E3 region of me /irus. This gp 19 molecule b.nos 
-o class i MHC mciecuies m me endoplasmic re- 
ucuium of ce.is ar.d prevents terminal glycosylate 
and translation of class I MHC to the ceil surface. 
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were derived as follows: 

The retroviral backbone was cenved from tne 
construct pAFVXM (Krieger et ai.. Ceil 38 3 84 
1984). whicn had been linearized using Xho i ana 
Cla I. SVjneo was obtained from tne Diasmid 
pKoneo (Hananen. unouOi.) by isolation of tne 1.8 
kD Cla I fragment. 

The HIV l_TR was isolated as a 0.7 kb Hmd Hi 
fragment from me plasmid pClSCAT (Arya et ai.. 
Sc:ence 229 69. 1985V Beta-gal was ootameo from 
trie piasm!d~pSP65 J-gal (Cepko. pers. comm.i as 
a Hind Ill-Sma I fragment. A secreted form of 
human placental alkaline pnosphatase was pro- 
duced by introduction of a universal terminator 
seouence after ammo-acid 489 of the cell surface 
form of alkaline phosphatase (as oescnbed by Ber- 
ger et al.. Gene 66:1. 1988). The secreted alkaline 
phosphatase~gene~was isolated as a i .8 kb Hind m 
to Kpn I fragment. The CRS-CAR seouences from 
HIV env were obtained by isolating tne 2. 1 kb Kon I 
to Bam H1 fragment from HTLVlliaBHiOR3 
(F.sher et al.. Science 233:655: 1986V This frag- 
ment was inserted into pUC3i lineanzed by Bam 
HI. and Kpn I pUC3i is pUCl9 (Yaniscn-Perron et 
al.. Gene 33:103. 1985) with extra Xho I. B-gi ll. 
Bssn II and" Nco I sites between the Eco Ri ana 
Kpn i sites of PUC19. The Bam Hi site of tne 
resulting construct was convened to a Nco I site to 
allow resection of tne CRS-CAR seouences oy nco 
I digestion The SV40 t mtron was obtainea from 
pSVOL (de Wet et al.. Moi Cell. Biol. " 725. 1987") 
as a 0 8 kb Nco I to Bam m iragment. 



B. inoicator Cells and Retroviral Vectors 

Human T-ceil f.H-9. CEM and Suo Tn ana 
monocyte (U-937) cell lines were ootainea from 
ATCC. ana maintained m RPMi 1640 medium suo- 
piementea with 10% fetal bovine serum anc i"» 
penicillin streptomycin. 

The nonretroviral vectors were introduces <nto 
ceil lines by etectroooraoon using a Bio-Rac Gene 
Pulser. The cell lines were seiectec m G-^iS n 
mgmi) tor 2-3 weeks to ootain staoie G-a'Sj cen 
lines, and men ailuooo cloned to ootain ccr.ai ceil 
lines 

The pAF -rectors were translected into me 
PA317 pacKaging cell line as a calcium onosonate 
precipitate (Wigier et al.. Ceil i6:7T7 19791 The 
virus-producing PA317 cells were co-cuiovaieo witn 
human monocyte cell lines for 2* hours ,n me 
presence of poiybrene. after wnicn me suscension 
ceils were removed and selected m G--M8 ana 
suDCtonec as aoove. 



C. Assay 



Staoie cell lines were infected with HIV (HTLV 
ills) ano the cells (2-gal) or media (alkaline 
snospnatasei assayed on a daily basis for 6 cays 
post-mtection 



j-Gaiactosioase Assay 

infected ceils could be assayed by either: <■) in 
io situ histocnemicai staining as described by MacG- 
regor et al. Somatic Cell and Mot. Genetics 13:253. 
19871: or (ii) by using ceil extracts in a solution 
enzymatic assay with ONPG as a substrate (Norton 
and Coffin. Mo I. Cel. Biol. 5:281. 19851. 

IS 

Soluble Alkaline Phosphatase Assay 

Medium was removed from infected cells. 

to microfuged for 10 seconds, and men heated to 
68 'C for 10 minutes to destroy endogenous 
phosphatases. The medium was then microfuged 
for 2 minutes and an aliquot (10-50 ul> removed tor 
assay. 100 ul of Putfer (1 M diethandlamine. pH 

m 9.8: 0.5 Mm MgClj. 10 mM L-homoarginme) was 
added and men 20 al of 120 mM p-nitrophenyi- 
cnospnate (in butters) was added. The A» C s of the 
reaction mixture was monitored using an automatic 
;iate reader. 

jo Figures 14 and IS depict typical results of a 

ame course of infection of Sup Tl cells using me 
alkaline pnosphatase assay in the presence of 
/arying concentrations of antrviral drugs. The " ♦ " 
ana "-" on day 6 indicate the presence or absence 

33 cf syncytia. 

The present invention provioes a number oi 
;ther techniques (descnbed below) which can be 
.:sed with me retroviral vector systems employea 
aoove so as to enhance tneir performance. Alter- 
o -ativeiy mese techniques may be used with other 
;ene-aeiivery systems. 

v Packaging Cell Selection 

<s 

This aspect of me present invention is based, 
n pan. uoon me discovery ot the major causes of 
ow recombinant virus litres Irom packaging cells, 
ana of techniques to correct those causes. Ba- 
se sicaiiy. at least five factors may be postulated as 
causes for low recombinant virus litres: 

1. me limited availaoiliry of viral packaging 
srotems: 

2. me limited availability of retroviral vector 
ss SNA genomes: 

3. me limited availability of cell membrane 
'or bucdmg of me recomomant retroviruses: 



17 



35 



EP 0 334 301 A1 



36 



Natl. Acac Sci. USA 80:477, 1933) mat nas the 
SV4Q promoter, me pBR322 ampiciHin resistance 
ar.a ongtn ol recreation and the SV40 eoiy A site 
This gives pSVgp. pSVgpDHFR was made using 
the following fragments: the 3.6 kb Hmfl ill to SaJ i 
fragment from pSVgp containing me SV*0 pro- 
moter ptus MLV gag ana some pel seauences: trie 
2.1 kb Sal l to Sea I fragment from pMLV-K wnn 
the res; of the poi gene, the 3.2 kb Xba ■ (Xba i 
filleo-mi to Pst I fragment from pF400 with the 
OHFH gene plus poly A site. p6R322 origin ana 
half the amoicillin resistance gene: the 0.7 kb Pst i 
to Hind HI fragment from p8R322 with the other 
half of the amptoilin resistance gene. This gives 
pSVgp-OHFR. All these constructs are snown m 
Figure 7 These piasmids can be transtectea mio 
3T3 cells or otner ceils ana high levels of gag. poi 
or env ootained. 

An aaoitionai metnod for accomplishing seiec- 
oon is to use a gene selection in one round ana its 
antisense m a subsequent round. For example, 
gag. poi may be introduced into an HPRT-deficient 
cell with the HPflT gene and selected lor the 
presence of this gene using that media which re- 
quires HPRT for the salvage of purines, in me next 
round, me anosense to HPRT could be deiiverea 
cowns tr eam to env and me cell selected m 6 
tnioguantne lor me HPRT-deficient phenorype 
Large amounts ol anusense HPRT would be re- 
quired m order to inactivate me HPRT gene tran- 
senpts. assuming no reversion occurred. 

E.nveiooe Substitutions 



The aoiiity to express gagpol and env function 
separately allows tor manipulation of these func- 
tions moepenoentiy. A cell line mat expresses am- 
ple amounts of gagpol can be used, for examoie. 
to aadress Questions of otre witn regara :o env 
One factor resulting in low nves is me censity z< 
appropriate receptor motecuies on me target cen c 
tissue. Given mat env expression is 'rom a sepa- 
rate unit, a vanery of envelope genes (reauirmg 
aifierent receotor proteins), suc-i as xenotrccc. 
poiytrooic. or ampnotrooic envs from a variety ci 
sources, can be testea for nignest mres cn a 
soecific target tissue. Furthermore, enveioces from 
nonmunne retrovirus sources can be used for 
pseuooryping a vector. In addition, hypno enve- 
■ooes (as oescribeo beiow) can oe used m mis 
system as wen. to tailor me tropism (ana effectively 
increase titresi of a retroviral vector. Conversely, a 
ceil ime mat expresses amoie amounts ot a given 
enveiooe gene can be employed to aaaress Ques- 
tions of titre with regard to gag and poi. 



VI. Alternative Virai Vector Packaging Technicues 

Two additional alternative systems can be usee 
to proauce recomcmant retroviruses carrying the 

s vector construct. Each oi these systems takes ac- 
vantage of me fact mat the msec: virus, 
baculovirus. and the mammalian viruses, vaccinia 
and adenovirus, have been aaaotec recently to 
make large amounts oi any given protein ;or whicn 

•c me gene has been cioneo. For example, see Smith 
et al. ( Mol. Cell. Biol. 3:12. 1983; Piccmi et ai. 
(Mem. Enrymoiogy . i53~5«»5. 1987); and Mansour 
eTaTl Proc. Nan. Acao~Sci. USA 82:1359. 1 985). 
These viral vectors can oe used to produce 

'5 proteins m tissue culture ceils by insertion of ao- 
propnate genes into the viral vector and. hence, 
could be adapted to make retroviral vector par- 
ticles. 

Adenovirus vectors are derived from nuclear 
jo replicating viruses and can be defective. Genes 
can be inserted into vectors and used to express 
proteins in mammalian cells either by m vitro con- 
struction (Bailay et al.. EMBO J- *386i. 1985) or 
by recombination m cells (Thummet et al.. J_ Mol. 
zi Appl. Genetics 1:435. 1982). 

One preferred method is to construct piasmios 
using me adenovirus Maior Late Promoter (MLP) 
driving: (1) gag/pol. (2) env. (3) a modified virai 
vector construct. A modified virai vector construe: 
30 is possible because me U3 region oi the 5 LTR. 
which contains me viral vector promoter, can be 
replaced by other promoter sequences (see. icr 
example. Hanman. Nuci. Acids Res. ^6.9345 
1988). This portion wiii be replaced after one rounc 
as of reverse transcnotase oy the U3 from me 3 LTR 
These piasmios can men be usea to make 
adenovirus genomes m vitro i Bailay et al.. op. cit.i. 
and these transfectec - m 293 ceils (a human cesi 
line making adenovirus El A protem). ior whicn the 
■j) adenoviral vectors are cefective. to yieic pure 
stocks of gag. poi. env ana retroviral vector camec 
separately m cefective adenovirus vectors. Since 
me Otres of such vectors are typically lO'-'O" mi 
these stocks can be used to infect tissue culture 
-5 ceils simultaneously 2t hign muitioiicity. The cens 
will men be orogrammea to produce retroviral oro- 
terns ana retroviral vector genomes at high leveis. 
Since me adenovirus vectors are cefective. nc 
large amounts of direct cen lysis will occur ano 
so retroviral vectors can oe harvesteo 'rom the cen 
supernatants. 

In an alternative system (which >s more truly 
extracellular), the following components are used: 
1. gag/pol ana env orotems maae m the 
55 baculovirus system m a similar manner as ce- 
senbed in Smim et al. (suora> (or m other orotem 
production systems, sucn as yeast or E. com. 
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tnose preselected target ceils. 

viii. Site-Soectfic integration 

Targeung a retroviral vector to a oreaetermtned 
locus on a chromosome increases tne benefits of 
-gene-ceuvery systems. A measure of safety is 
gamed by direct integration to a "safe" soot on a 
chromosome, i.e.. one that is proven to have no 
ceietenous effects from me insertion of a vector. 
Anotner potential benefit is the aoiiity to direct a 
gene to an "open" region ol a chromosome, wnere 
its expression would be maximized. Two tecn- 
maues for integrating retroviruses at soeofic sues 
are described ceiow. 

d) Homologous Recombination 



One technique for integrating an exogenous 
gene of a vector construct of a recombinant retro- 
virus into a specific sue m a target cell's ONA 
employs homologous recombination. Piasrmos con- 
taining sequences of DNA of greater than about 
300 bp that are homologous to genomic sequences 
have been shown to interact (either by replacement 
or insertion) with those genomic sequences at a 
rate that is greater than I0--loid over a specific 
interaction m me absence of such homology (see 
Thomas and Caoecchi. Cell 51:503-12. 1987. and 
Ooetscneman et al.. Nature 330:576-78. 1987). it 
has been shown that an insertion even, or alter- 
natively, a replacement event, may be onven by 
the specific cesign of the vector. 

in order to employ homologous recomomation 
>n site-specific retroviral integration, a vector con- 
struct should be modified such mat (a) homologous 
sequences (to me target cell's genome) are mcor- 
corated into :ne construct at an appropriate loca- 
tion: and (b) tne normal mechanism oi integration 
coes not interfere with me targeting occurring oue 
;o nomoiogous sequences. A preferred approach m 
mis regard is to add homologous sequences 
.greater man aoout 300 bp) >n me 3 t-TR. cown- 
stream from me U3 inverted repeat, in mis ao- 
proacn. the construct is initially maoe witn a region 
of homology inserted in me 3 iTR at me Nhe ' 
site in U3. Reverse transcnotion m me nost ceil wiii 
result in a Ouoiication of me region of homology m 
me 5 LTR wimm 31 bo of me end of me inverted 
repeat (iR). integration into me host genome will 
occur m tne presence or absence of me normal 
integration mechanism. The gene in me vector may 
oe expressea. wnether from me LTR or from an 
internal promoter. This aoproacn has me ertect oi 
placing a region of homology near a potential tree 
end of me ooubie-stranoed retrovirus vector 



genome. Free ends are known :o increase the 
frequency of homologous recombination oy a factor 
ol approximately 10. In this acoroacn. it may be 
necessary to oeteat the normal mecnanism of m- 
5 tegration. or to at least mccify it to stow oown the 
process, allowing time for homologous DNAs to 
line up. Whether mis latter mocitication is recureo 
m a particular case can be reaciiy ascertameo cy 
one skilled m the art. 

•o 

(ii) Integrase Modification 

Another technique for integrating a vector con- 
is struct into specific, preselected sites of a target 
cell's genome involves integrase modification 

The retrovirus poi gene product is generally 
processed into four pans; (i) a protease which 
processes me viral gag and poi products: (ii) the 
to reverse transcnptase: and (iii) RNase M. which de- 
grades RNA of an RNA DNA duplex: and (iv) the 
endonuclease or "integrase." 

The general integrase structure has been ana- 
lyzed by Jonnson et at. ( Prcc. Natl. Acad. So. USA 
is 83:7643-7652. 1986). It has been proposed mat this 
protein has a zinc binding finger with which it 
interacts with the host ONA before integrating the 
retroviral sequences. 

In other prptems. such "fingers" allow me pro- 
jo tem to bind to DNA at particular sequences. One 
illustrative example is me steroid receptors, in mis 
case, one can make me estrogen receptor, re- 
sponding to estrogens, have the effect of a 
glucocorticoid receptor, rescinding to glucocor- 
j3 ticoids. simply by substituting me glucocorticoid 
receptor "finger" (i.e.. ONA binding segment) in 
piace of me estrogen receptor finger segment in 
me estrogen receptor gene, in mis example, tne 
position m the genome to wmch me proteins are 
jo targeted has been cnanged. Such directing 
seouencs can also be substituted into me integrase 
gene m place Of me present zinc finger. For in- 
stance, me segment cooing for the ONA binding 
region of me human estrogen receptor gene may 
be suostituted m piace of me ONA bmaing region 
of me integrase m a packaging genome. Initially, 
specific integration wouid be tested by means ot 
an m vitro integration system (Brown et al.. Ceil 
29:347056. 1987). To confirm mat me soecificity 
so would be seen in vivo , mis packaging genome is 
used to make infectious vector particles, and infec- 
tion of and integration :nto estrogen-sensitive and 
estrogen-nonsensitive ceils compared m culture. 
Througn use of tnis technique, incoming viral 
ss vectors may be directed to integrate into preselec- 
ted sues on me target ceil s genome, dictated cy 
me genome-binding properties of site-soecific 
ONA-oinding protein segments spuced into the m- 
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44 



Production of env Proteins. Hybnd Enveiooe Pro- 
teins using Housekeeping Promoters «£f Ubcuitcus 
Expression tn Transgenic Animais 



This examoie utilizes me HPRT oromcter !or 
expression or either envelope or nybnd enveiooe 
proteins. The envelope proteins could be from any 
retrovirus that is caoaDie of comoiementmg the 
relevant gag-poi. m this case that of MLV. Exam- 
ples are ecotropic MLV. ampnotroptc MLV. 
xenotropic MLV. polytropic MLV. or hybnd enve- 
lopes. As above, the envelope gene wouKJ be clon- 
ed behind the HPRT promoter using recomomant 
ONA techmoues (see Manians et al.. op. en.) The 
resulting •mmigene" would be isolated (see Mogan 
et al.. oo at.), and expression of enveiooe orotem 
would be determined (Hanow et al.. op cit.). The 
transgenic enveiooe animais would be bred to 
homozygosity to establish a weii-charactenzeo en- 
velope animal. 

EXAMPLE n 



Production of gag-pol-env Animals Using House- 
keeoing"Promoters for Ubiouitous Expression in 
~" — ~~ — Transgenic Animais 



This would use the weii-cnaractenzea cag-poi 
animais. as well as the animais for the esiaousn- 
ment of a permanent gag-poi- envelope animai une 
This would involve breeding to homozygosity ano 
the astaolishmerrt of a wetl-charactenzec line. 
These lines would then be used to estaensn on- 
mary mouse emoryo lines that could be uieo for 
packaging vectors m tissue culture. Furrnefmore 
animais containing the retroviral vector touio oe 
Oreo into this tine. 

EXAMPLE 12 



Production of Tissue-Specific Expression of qaq- 
OOl-env or Myond Envelope >n Transgenic Animais 



The example given here is to Cirec: tissue 
expression of the gagpoi. envelope, or nyeno en- 
velope to soecific tissues, suc.n as T-cens This 
■nvoives the use of C02 seouences isee Lang et 
ai.. EVI60 J. 7 1675-1682. '968) that give oosmon 
ana copy number mcepenaence. The 1 5 «o 8am 



Hi Hina HI Iragment from the CD2 gene would be 
mseneo m front of gag-poi. enveioce. or hybnd 
enveioce Iragments using recomcmant DNA lec.i- 
niaues. Tnese genes would be mseneo into feml- 

j izeo mouse cva by microinjection. Transgenic ani- 
mais would be cnaracienzea as oefore. Expression 
in T-ceils would be estaousned. Animais would ce 
bred to homozygosity to estaonsn weii-cnaracter- 
ized lines of transgenic animais. Gag-poi animais 

>o would be matea to envelope animais to estabiisn 
gag-pol-env animais expressing only in T-cells. The 
T -cells of these animais would then be a source for 
T-cells capable of packaging retroviral vectors. 
Again, vector animals could be bred into these 

.-5 gag-pol-env animais to establish T-cells expressing 
the vector. 

This technique allows the use of other tissue- 
specific promoters, such as mnk-specific (wney). 
pancreatic (insulin or eiastasei. or neuronal (myelin 
so basic protein) promoters. Through the use of pro- 
moters, such as milk-specific promoters, recom- 
binant retroviruses may be isolated directly from 
the biological fluid of the progeny 

25 

EXAMPLE 13 



jo Production of Either Housekeeping or Tissue-Soe- 
cific Retroviral Vectors m Transgenic Animais 



The insertion of retroviruses or retroviral vec- 

35 tors into the germ line of transgenic animals results 
m lime or no expression. This effect, described by 
Jaemscn (see Jahner et al.. Nature 298:623-628. 
1982). is attributed to methyiation of 5 retroviral 
LTR seouences. This tecnniQue would overcome 

jo the methyiation erfect by suostituting either a 
houseneeomg or tissue-specific promoter to ex- 
press the retroviral vector retrovirus The U3 region 
ot the 5 LTR. /»nicn contains the ennancer ele- 
ments, is replaced wiin regulatory seouences from 

js nouseneeoing cr tissue-specific promoters (see 
Figure 20). The 3 LTR is fuiiy retained, as it 
contajns secuences necessary 'or poiyaoenyiation 
ol the viral RNA and integration. As the result of 
unioue properties of retroviral replication, the U3 

so region of the 5 LTR of the integrated provirus is 
generated by the U3 region of the 3 LTR of the 
infecting virus. Hence, the 3 is necessary, while 
the 5 U3 is cisoensaote. Substitution ot the 5 LTR 
U3 seouences with oromoters ano insertion into the 

55 germ une of transgenic animais results in lines of 
animais caoaoie of orooucing retroviral vector tran- 
scripts. These animais *ouio then be mated to 
gag-poi-env animais to generate retrovirai-produc- 
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24. The recombinant retrovirus, of claim 9 
wherein trie vector construct expresses a reoomng 
product on the surface ol target cells tnfecteo w.tn 
tne retrovirus and containing the pathogenic agent. 

25. The recomcmant retrovirus of claim i 
wherein the vector construct directs tne exoress.on 
of a gene capable of suppressing the .mmune 
system .n target cells infected w.th said retrovirus. 

26. The recomotnant retrovirus of claim I 
wherein the vector construct d.rects the expression 
of a blocking element m cells infected w,tn said 
retrovirus, said blocking element being caoaoie ot 
binding to either a receotor or an agent such that 
the receotor;agent interaction is blocked. 

27 The recomotnant retrovirus of claim i 
wherein the vector construct directs the expression 
of a blocking element in cells infected w.m **a 
retrovirus, said blocking element being caoabie of 
binding to a receptor or an envelope protein, sucn 
that me receptor, envelope protein .nteracoon .s 
blocked. 

28 The recombinant retrovirus of claims 26 or 
27 wherein the block.ng element .s secreted from 
the infected ceils. 

29. The recombinant retrovirus of any of claims 
i-28. wherein said retrovirus is replication defec- 
tive. 

30. A metnod of producing a recombinant 
retrovirus, comprising: 

packaging a vector construct m a caos.d and en- 
velope sucn that a replication detective recom- 
binant retrovirus according to claim 29 is produced. 

31. Ex vivo cells infected with * recomomant 
rerroviruraccoTding to any of claims i-29. 

32. Eucaryotic ceils infected with a recom- 
binant retrovirus according to any ol claims 1-28. 
said cells being caoao»e of generating infectious 
panicles containing any one of said vector con- 
structs. 

33. A pharmaceutical ccmoosition ccmons.ng a 
retrovirus according to any one of claims i-29. m 
comoinaoon w.m a pnys.otog.caiiy acceotaoie ear- 
ner or diluent. 

34. The pharmaceutical comoosmon ct ca.m 
33. tor use as an active therapeutic suostance 

35. A metnoo of testing a sample lor me ores- 
ence of a virus carr/.ng a canicular gene said 
gene being capaole of exoress.ng an .oent.ry.ng 
prote<n m .ndicator cells hav.ng (1) a marxer gene 
wh.cn .s caoaoie ot exoressing a marxer oroouct: 
and (2) control seauences wnicrt resoona to the 
presence of the identifying protein Oy switching 
exoress.on of me marker gene Between exoress.ng 
and non-exoressmg states: 

the method comonsmg contacting .noicatcr ceils 
wun tne samoie. ana testing tor tne presence o< me 
marker product. 



36. A method of tesong for the presence of a 
particular gene m a cell sample, said gene oemg 
caoabie of expressing an identifying protein, ccm- 
pnsing: 

5 .nfecting ceils within me sample with a recomomant 
retrovirus comensmg a vector construct coding for 
(Da marker gene -mch is caoaoie of expressing a 
marker product m the cell sample: and (2) control 
secuences -n.ch respond to the presence ol the 
•o .centitying protein .n the cells within me samoie oy 
switching expression of the marker gene between 
exoressing and non-expressing states: and 
testing for the presence of the marker product. 

37. The method of claims 35 or 36 wherein the 
•s control sequences switch expression of the marker 

product by switching the marker gene between 
transcribing and nontransenbing states. 

38. An indicator cell suitable for testing tor the 
presence of a v.rus carrying a particular gene 

20 -men is caoabie of expressing an identifying pro- 
tein .n tne indicator cell, the incicator cell having a 
genome cooing tor (l) a marker gene which can 
express a marker product in the indicator cell: and 
(2) control sequences which respond to the pres- 
js ence of me identifying; protein in me indicator cell 
by sw.tch.ng expression of the marker gene be- 
tween exoressing and non-expressing states. 

39. A recombinant retrovirus suitable tor infect- 
ing ceils and testing for me presence of a particular 
jo gene therein which produces an identifying protein, 
x.e recomomant retrovirus having a genome coding 



tor- 

0> a marker gene which can express a 
marxer product .n me cells: and 
35 (2) control secuences which respond to the 

cresence of me idenofying protein m me cells by 
switching expression of me marxer gene between 
excressmg and non-expressing states. 

,o 40 A method of selecting packaging ceils 

*n,cn produce h.gn levels of a pnmary agent se- 
ected from a packaging protein and a gene croc- 
•jci of interest, comprising: 

(a , providing m packaging ceils a genome 

< s -omonsmg a primary gene wmcn expresses a pri- 
mary agent therein, and a se.ectaoie gene wmcn 
-xpresses a seiectaole protein therein at tower 
eveis man tne onmary agent, me expression levels 
at me primary gene and selectable gene being 

so oropomonal: 

(bi exoosmg me packaging cells to a seiect- 
ng agent which enables identification of those ceils 
.vn.cn exoress me selectable protein at a critical 
eve i: ana 

5i (o detecting those packaging ceils wnicn 

express high levels of the pnmary agent. 
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